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In  previous  publications  we  have  demonstrated  a  relationship  between 
adrenal weight, heart weight, and systolic blood pressure in rats made hyper- 
tensive by the removal of one kidney and constriction of the other (1, 2). The 
weight of the adrenal was shown to vary directly with that of the heart when 
both were expressed as percentages of a normal predicted from the body weight 
with the equations of Addis and  Gray (3, 4). The increase in heart weight in 
systemic hypertension  is  due  largely to  left ventricular  hypertrophy,  which 
occurs as a very early and probably proportional response to increased cardiac 
work (2, 5, 6). The appearance of single histological sections from the adrenals 
of these  hypertensive rats  suggested  that  medulla  as  well  as  cortex had  in- 
creased in  size, and  the  task of partitioning  the weight increase into cortical 
and medullary components was therefore undertaken. The results are reported 
in this paper and, in addition,  cytological changes considered to be indicative 
of increased  functional activity are described in  both cortex and medulla.  A 
discussion of the pathogenesis and significance of the  adrenal changes in  ex- 
perimental renal hypertension  is combined with  an analysis of the pertinent 
literature  on  the  adrenals  in  human  hypertension  and  cardiac  hypertrophy. 
EXPERIMENTAL 
Male albino rats of the Stanford colony, derived from the Slonaker strain and inbred for 
several decades, were used. The stock diet contained 18 per cent protein and 0.3 per cent salt. 
Several of the hypertensive rats,  as indicated in the charts and tables, were kept on a  high 
protein diet containing 60 per cent casein. The operations were done when the rats were about 
90 days old and weighed close to 150 gm. The right kidney was removed and the left kidney 
constricted with a single No. 4 silk ligature applied in the form of a figure-of-eight,  according 
to the technique of Grollman (7). We have previously studied some  aspects of the pathogenesis 
of hypertension induced by this procedure (2). It does not appear to depend on the production 
* This work was accomplished  under the terms of Public Health Service Grant No. HoSll. 
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of renal excretory insufficiency.  In the most severe and prolonged cases,  however, extensive 
renal damage may occur with uremia and necrotizing arteriolitis of the small vessels in the 
kidney and elsewhere.  Apparently a decrease in the amount of functioning renal substance, 
plus the still unknown effect of the ligature, is required. This seems also to be true for the 
hypertension induced by the Goldblatt clamp, and it is probable that constrictive hypertension 
is only a variant of this. In our studies the measurements of systolic blood pressure have been 
made on the tail with the microphonic manometer of Friedman and Freed (8).  Both an ele- 
vation in the blood pressure and an increase in the weight of the heart have been shown to 
occur within 2 days after the operation (2, 5). The organ weights have been determined to 
the nearest milligram with a torsion balance. 
Cortical/Medullary Ratio.--The adrenals were fixed in Boftin's fluid,  embedded in paraffin 
after dehydration in alcohol and dioxane, and cut at 8 # thickness. Prior to embedding each 
gland was cut into three or four discs in order to allow better sampling with fewer sections. 
In two of the three individual control rats serial sections were made through the entire thick- 
ness of the blocks. In the experimental animals the number of sections made depended on the 
adequacy of the sample as determined by the cumulative cortical/meduliary ratio. In the 
pools,  the adrenals were embedded ~  bloc, sectioned, and  the adequacy of the sample de- 
termined as before. In all cases more sections were measured than seemed statistically neces- 
sary. The technique was to project the hematoxylin and eosin stained sections at 37 diameters 
magnification, using a  Scopicon light, and to draw the projected outlines on large sheets of 
paper. The areas enclosed by cortex, medulla, and medullary blood vessels were then meas- 
ured with a planimeter. The total area less that of the medulla and its blood vessels was counted 
as cortex, while the medullary area less its vascular space was counted as medulla. No correc- 
tion was made for vascular space in the cortex. 
Nuclear Diameters a~l Volumes.--The procedure used has been discussed  in more detail 
in a  previous paper  (9).  Using a  Scopicon projector unit and  a  120  X  Zeiss  apochromatic 
objective the images of the slides were thrown onto large sheets of paper and the nuclei drawn 
at random with the working distance so calibrated that 1 ram. on the paper was equivalent 
to 0.25 # on the slide. The maximum diameters of the nuclear outlines were measured to the 
nearest millimeter with the role held parallel to the edge of the paper corresponding to the 
long axis of the slides. The measurements were converted to microns and plotted as frequency 
distribution curves without further grouping. From  the mean of the measurements on the 
intersected nuclei, the mean "intersected" nuclear volume may be calculated. This is slightly 
smaller than the true mean nuclear volume since some of the nuclei are intersected off center 
by the plane of the section. 
Histological Studies.--In  addition  to the routine  sections stained  with hematoxylin and 
eosin, paraffin sections were stained by the periodic acid-Schiff method (using control sections 
treated with Schitt's reagent alone), and frozen sections were stained ~vith sudan IV. 
RESIILTS 
A.  Weight  and  Cortical/Medullary  Ratio.--Text-fig.  1  is  reproduced,  with 
additional data and notations,  from a  previous paper  (1). A  direct relationship 
is shown between the heart and adrenal weights, both being expressed as per- 
centages  of a  predicted  normal  value.  In addition  to  the  relationship  in  rats 
with one kidney removed and the other constricted there are shown data from 
rats  subjected to one of the following procedures:  (a)  infarction of one kidney 
and  constriction  of  the  other,  (b)  removal of one kidney,  constriction  of  the 
other,  release of the constriction after 3  weeks,  (c)  removal of one kidney and L°  J.  RATHER  575 
constriction of the other with absorbable catgut,  (d)  handling of one kidney, 
constriction  of the other.  Procedures  (b)  and  (c)  seem to have inhibited  the 
maintenance of hypertension, while  (d) did not induce it.  The majority of the 
rats with small adrenals and hearts are from groups (b), (c), and (d). 
The circled coordinate points indicate rats found to have systolic blood pres- 
sures of at least 200 mm. of mercury at some time in their postoperative course. 
Beside certain of the coordinate points are letters which are keyed into Table 
I  to designate the rats on which measurements of cortical/medullary ratio were 
TABLE I 
Absol~ea~ Rda~eAm~nt~ C~texandM~ulla ~  ControlandHyp~tmgveR~s 
Rat No. 
Control 
Control 
Control 
Control  pool,  22 
rats 
848O8 A 
84875~ B 
82245~ C 
81735 D 
81160 E 
84837~ F 
Pool, 3 rats~ G 
Pool, 8 rats 
Bod 
weight 
gm 
193 
200 
2O0 
210" 
162 
145 
246 
255 
207 
162 
302* 
220* 
Adrenal weight 
Mg. 
31 
24 
28 
31" 
59 
55 
96 
96 
77 
62 
61" 
74* 
Per cent normal 
112 
86 
99 
107" 
232 
229 
308 
302 
268 
248 
176" 
242* 
Cortex/Medulla 
volume ratio 
14.7 
12.2 
13.7 
13.1" 
10.7 
10.1 
8.8 
8.4 
6.7 
8.1 
7.0" 
8.7* 
Cortex weight 
mg. 
29.1 
22.2 
26.1 
28.8* 
53.9 
50.1 
86.2 
85.8 
67.0 
55.2 
53.3* 
66.4* 
Medulls 
weight 
mg. 
1.9 
t,.8 
1.9 
2.2* 
5.1 
4.9 
9.8 
10.2 
10.0 
6.8 
7.7* 
7.6* 
* Means. 
High protein (60 per cent casein) diet. 
A, B, C, D, E, F, G, refer to Text-fig. 1. 
carried out. The controls, designated by ~,  in Text-fig. 1 correspond to those 
in Table I, which  summarizes the  changes in absolute and relative amounts 
of adrenal cortex and medulla. 
In Text-fig. 2 cumulative cortical/medullary ratios have been plotted against 
square  millimeters  of  adrenal  cross-sectional  area  measured  in  the  paraffin 
sections. This was done by determining the cortical/medullary ratio for all of 
the adrenal sections on one slide, plotting this ratio against the area, repeating 
the procedure with the next slide, and cumulating the ratios. The lines connect- 
ing the cumulating  ratios tend to become flat when an adequate  sample has 
been taken. The final cumulative ratio, based on the largest sample (in the case 
of two of the controls, all) of the cross-sectional area, gives the ratio of cortical CORRELATION  BETWEEN  PER  CENT  NORMAL(PREDICTED  FROM  BODY  WEIGHT) 
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volume to medullary volume. From this and the known weight of the glands the 
separate weights of cortex and medulla can be calculated, on the assumption 
that they are of equal density. 
The cortical/medullary ratio of the 22 pooled normal adrenals was 13.1/1, 
and of the three pairs of normal adrenals 14.7/1,  12.2/1,  and 13.7/1.  These 
results are quite close to those obtained in normal rats by other investigators. 
Elliott and Tuckett (10),  using an admittedly small number of cross-sections, 
found ratios of 11/1 and 15.5/1 on two male albinos weighing 120 and 190 gin., 
respectively. Jackson (11) reported an average ratio of 12.9/1 in three 10 week 
old male rats, and of 10/1 in eight males raffging from 14 to 50 weeks of age. 
The figures in Table I  show that as the glands enlarged the ratio of cortex to 
medulla fell, a  point of significance as will be shown in the Discussion. The 
medullas of the controls weigh very close to 2  mg. In the enlarged adrenals of 
the hypertensive animals the weights of the medullas have increased 23-  to 
5-fold the normal. Although the major part of the weight gain of the whole 
adrenal is due to increase in the weight of the cortex, the relative degree of 
medullary increase is greater. The assumption that cortex and medulla are of 
equal density seems reasonable. The difference which does exist probably favors 
the medulla. 
B. Nuclear Size in Cortex and Medulla.--The measurements of nuclear diame- 
ter were arranged in frequency distribution and plotted.  Since no grouping, 
other than that inherent in the accuracy of the measurements, was done, the 
height of the ordinate at any point of irrflexion on the curves gives the measured 
number of nuclei of diameter indicated by the corresponding abscissa. If all the 
nuclei were of the same volume a  frequency distribution curve of diameters 
measured in a tissue section would rise to a peak (since some of the nuclei would 
be intersected at less than their spherical diameter) whose abscissa would give 
the value of the spherical diameter. The curve should then drop off sharply. 
Random variation in  nuclear size would produce  a  more bell-shaped  curve 
but could hardly account for the existence of secondary and tertiary peaks. 
In the rat liver there are several distinct size classes of nuclei and evidence of 
heteroploidy in the parenchymal ceils.  Some of the problems arising in this 
connection have been discussed elsewhere (9) and will not be developed further 
here. Random variation could not account for the peaks shown by one of the 
controls at 247 and 291 cubic microns in addition to the primary peak at 144. 
The effect of eccentricity seems ruled out since these nuclei were undistorted 
and round.  Since ganglion cells  and adventitious cells  such as lymphocytes 
were not measured there is evidence here of several distinct medullary nuclear 
size classes in the normal rat adrenal medulla. What we wish to show here, how- 
ever, is only that an increase in size of medullary nuclei occurred in the hyper- 
tensive rats. In some medullas there were many pyknotic and distorted nuclei. 
The medullary nuclei of rat 84837 (Text-fig. 4), however, were without excep- 578  ADRENAL  CYTOLOGY  AND HYPERTENSION 
tion spherical. In this case there were relatively few nuclei in the range of the 
main peak of the controls, a  larger number with a peak at 221  cubic microns, 
and a still larger number with a peak at 291, which is the point of the small 
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tertiary peak in one of the controls. The measurements on the medullas of the 
other hypertensive rats were less striking,  and  in  one  case  there  was little 
change in medullary nuclear size although the medulla itself was greatly en- 
larged. Table II summarizes the mean values. An estimation of cell size cal- L. 3.  RATHER  579 
culated from the nuclear/cytoplasmic ratio and nuclear volume suggested that 
the cortical growth might be largely due to cell hypertrophy, whereas hyper- 
plasla must have occurred in the medulla. A few mitotic figures were seen in 
the medullas. The cells of the cortical fasciculata seemed most obviously al- 
tered in the hypertensive rats and measurements of nuclear size were limited 
to this zone. In addition to enlargement of the nuclei, the nucleoli were often 
very prominent (Fig. 2). The cells did not appear to be depleted of lipid. Text- 
fig. 3 illustrates nuclear size in the cortical fasciculata. 
TABLE  II 
Nuclear and Cell Size in Adrenals of Control and Hypertensive  Rats 
Rat No. 
Control 
Control 
Control 
84875 
84837 
Pool:~ 
Control 
Control 
Control 
84875 
84837 
Pools 
Medulla 
weight 
Medullary nuclei 
No. 
counted 
#Sg. 
1.9  400 
1.8  400 
1.9  400 
4.9  400 
6.8  400 
5.7  4O0 
I 
Men 
diameter 
microns  ¢.ubl¢  [ 
m~fO~$  I 
6.3  130 
6.4  140 
6.4  140 
6.9  170 
8.1  280 
6.5  144 
Cortex  Fasciculata nuclei  weight 
29.1 
26.2 
22.1 
50.1 
55.2 
53.3 
400  5.8  100 
400  6.1  120 
400  5.7  100 
400  6.3  130 
400  6.3  130 
400  6.6  150 
N/C ratio* 
0.34 
0.25 
0.37 
0.24 
Estimated 
cell volume 
cubic microns 
550 
1400 
360 
680 
* Nuclear/cytoplasmic ratio based on 400 random hits. 
3 rat pool "G" (see Table I and Fig. 1). 
C. Cortical L/p/d.--Frozen sections stained with sudan IV were made of the 
enlarged adrenals and compared with the control tissues. There was no deple- 
tion of cortical lipid ascertainable by inspection in the rats studied. In the gross 
the adrenals were dark yellow. We have observed brown adrenals,  depleted of 
fat, in some hypertensive  and normal rats dying as the result of intercurrent 
infection, but none of the present group fell into that category. 
D.  Periodic  Acid-Schiff-Positive  Droplets  in  Cortex  and Medulla.--In  the 
paraffin sections of the control adrenals small intracellular particles in both 
reticularls and medulla were visible in the periodic acid-Schiff preparations. 
Nothing corresponding to them could be made out in  the hematoxylin- and 580  ADRENAL  CYTOLOGY  AND  HYPERTENSION 
eosin- stained sections. These particles lay chiefly in the inner zone of @e cortex 
but were distributed diffusely throughout the medulla as well. In the hyper- 
tensive rats the cortical particles  were extremely numerous and ranged in size 
up to large "hyaline droplets" as large as the cell nucleus. Often several large 
droplets could be seen within a single cell (Fig. 1), and these were visible in the 
hematoxylin and  eosin  preparations  as  faintly eosinophilic  bodies,  usually 
surrounded by a clear zone, but not too well defined. The reticularis  and fas- 
ciculata contained most of the droplets  and particles in the hypertensive rats, 
though they were on occasion found in the glomerulosa. We wish to stress the 
fact that these periodic acid-Schiff-positive  particles,  presumptively composed 
in part of carbohydrate (12) were found in the cytoplasm of ceils whose en- 
larged  nuclei,  with  dense  nucleolar  associated  chromatin and relatively en- 
larged nucleoli  (Fig.  2),  showed  the changes  described  by Caspersson  (13) 
as characteristic  of cells engaged in protein synthesis. The medullary particles 
in the hypertensive rats were rarely more numerous though usuaUy larger than 
in the controls but there was considerable variation and the change was by no 
means as striking as in the cortex. The identity of the cortical and medullary 
particles  is, of course, not proven. 
DISCUSSION 
The Adrenals in Experimental  Itypertemion.--Page  (14) and Dell-Oro  (15) 
found that bilateral adrenalectomy abolished  the hypertension of dogs and 
rats,  respectively,  with  perinephritic  constriction.  Most  investigators have 
conceded that the adrenals are necessary for the development of renal hyper- 
tension, although Rogoff (16) believed that this was due to the poor condition 
of the animals after adrenalectomy and recently Knowlton et  al.  (17) have 
claimed that, in response to cytotoxic serum nephritis, bilaterally adrenalec- 
tomized  rats do develop hypertension if maintained in a proper  state of nu- 
trition. They did not record the heart weights of their rats. Houssay and Dex- 
ter (18) reported a drop in the level of blood hypertensinogen after bilateral 
adrenalectomy in dogs. It might be supposed  that an increased  demand for 
hypertensinogen due to an increased rate of reaction with the renin presumed 
to be produced by the constricted kidney would lead to adrenal hyperactivity 
and growth of the adrenal gland. The proportionality between heart size and 
adrenal size in the hypertensive rat would be explainable,  according  to the 
above  scheme, by relating the degree of cardiac  hypertrophy to the level of 
blood pressure  as determined by the rate of formation of hypertensin. Any 
direct role of the adrenal cortex in the production of a pressor substance could 
account for this proportionality, if the premise  that increased function leads 
to increased growth be allowed. 
Also to be considered is the view that the adrenal response is non-specific. 
There appears  to be a  well established  relationship  between  the size of the L. 3.  RAwm~R  581 
adrenals and the performance of muscular work. Hatai (19) first noted this in 
1915 and it was later confirmed by Donaldson  and Meeser (20) and Beznak 
and Sarkady (21).  Ingle (22) showed that the gain in adrenal weight occurred 
within 12 hours and that it was prevented by hypophysectomy, or treatment 
with cortin,  but restored in  exercised hypophysectomized rats  treated with 
adrenotropic hormone. He did not measure the cortical/medullary ratio. Hajdu 
and Korenyi (23) did, however, and 6btained values similar to those shown in 
Table I  for our hypertensive rats. The mean cortical weight of their controls 
was 28.5 mg. and the mean medullary weight, 2.5 mg. After about a month's 
exercise  for several hours a  day on a  treadmill the mean cortical weight was 
40.5  and the mean medullary, 6.6,  representing a  drop in cortical/medullary 
ratio from 11.6/1  to 6.1/1. This enlargement of the adrenals was presumably 
a  response to the increased utilization of cortical hormones as a  consequence 
of the increased muscle work. In the absence of heart failure, fibrosis, inflam- 
matory infiltration, or storage phenomena, there seems to be a  direct propor- 
tionality between heart size and heart work (5, 6). The proportionality which 
has been shown to hold between heart weight and adrenal weight in our hyper- 
tensive rats might be interpreted as a  special case of adrenal hypertrophy in 
response to the metabolic demand of increased muscle work. 
What is the pathogenesis and functional significance of the medullary growth? 
These changes in total weight, nuclear size, and cytoplasmic structure may mean 
either increased,  or,  by analogy with  thyroid hyperplasia due to  thioureas, 
impaired hormone production. The former seems more likely. Two points should 
be made here, firstly that constrictive renal hypertension, in a  quantitatively 
altered form, will develop in rats with adrenal transplants proven by seri.fl 
section to contain no medulla (24), and secondly there is no reason to suppose 
that the exercised rats previously cited became hypertensive even though the 
adrenal medulla almost tripled in size. The function of the medulla should be 
considered in the light of Long's recent work (25) showing that it may stimu- 
late the production of hypophyseal corticotropic hormone. In this connection, 
it has been claimed that celiac ganglionectomy or splanchnicotomy leads to 
atrophy of the medulla in the albino rat and that the response of the adrenal 
to prolonged exercise is abolished in this manner as effectively as by hypophy- 
sectomy (26).  If the adrenal growth associated with experimental renal hy- 
pertension is due to hypophyseal corticotrophic hormone, then the hormone 
itself, or some secondary mechanism activated by it, brings about medullary 
growth--conceivably some controlling influence of the cortex on the medulla. 
In discussing the general adaptation syndrome Selye and Stone (27) and Selye 
(28) state that the medulla remains unchanged in size while the cortex alters 
in the stages of shock, countershock, and resistance. However, these authors 
have not presented evidence to substantiate any claim that the medulla does 
not change in size in all instances of the diverse group of conditions which they 582  ADRENAL  CYTOLOGY AND  HYPERTENSION 
have considered. If this were actually known to be true then the type of adrenal 
enlargement, with relatively greater growth of the medulla, found in exercised 
and hypertensive rats  would have  no  counterpart in  the  "alarm" reaction. 
But it does not seem likely that this is the case. 
The Adrenal in Human Hypertension.--Goldzieher (29) has reviewed the older 
literature. As early as 1908 he and Molnar stated that medullary hyperplasla 
was a  constant accompaniment of prolonged hypertension. Differences in cri- 
teria for hypertension and failure to make a  complete study of cortex and 
medulla have led to many disagreements. Opsahl  (30)  found that of 223  in- 
dividuals dying of various diseases in the absence of cardiac hypertrophy or 
hypertension, 27 had adrenals weighing above 15 gm., while of 84 hyperten- 
sives, 32 had weights above that figure. Rinehart (31) found the mean adrenal 
weight of 100 controls (11.2 -4- 0.3 gm.) to be significantly less than that in 26 
cases of essential hypertension chosen on the basis of anatomical criteria (15.4 
4-  0.7 gin.). Dempsey (32),  however, found no difference between the adrenal 
TABLE III 
Calculated from  data of Drake et. al. 
No. cases 
38 
51 
36 
Mean diameter 
medullary nuclei 
mlcrons 
6.9 
8.4 
9.0 
Mean volume 
medullary nuclei 
cubic, microns 
138 
248 
305 
Activity 
Low 
Medium 
High 
weights of controls and hypertensives selected on the basis of clinical records. 
Neither  investigator measured  cortical/medullary ratios.  Drake  et  al.  (33) 
measured one hundred medullary cell nuclei chosen at random from each of 
125 autopsy cases.  Using Goormaghtigh's criteria (34) for medullary activity 
they divided their cases into three groups. In order to compare their measure- 
ments with those on hypertensive rats mean nuclear diameters and volumes 
have been calculated from their data. All except  two of their 26 cases of hy- 
pertension fell into the high activity group with approximately doubled nuclear 
volume (Table III). 
Liebegott (35) made a thorough study of the adrenals in eleven compensated 
hypertensives  (nine  essential,  one  glomerulonephritis,  one  hydronephrosis), 
ten cases of decompensated hypertension, and nine cases of decompensated 
valvular heart disease, using as controls the adrenals of eight young healthy 
condemned men. The diagnosis of decompensation was made on the basis of 
clinical and pathological findings. In order to facilitate comparison with our 
experimental findings, mean weights and cortical/medullary ratios have been 
calculated from his data (Table IV). The weight of the medulla is equally ele- L.  J'.  RATHER  583 
vated in both compensated and decompensated hypertension but forms a larger 
proportion of the total weight in the latter, owing to a  decrease in cortical 
weight which must be assumed to have occurred. There is no evidence of medul- 
lary growth in the three cases of decompensated valvular heart disease, a point 
which must be clarified before the thesis is acceptable that adrenal enlargement 
associated with cardiac hypertrophy is equivalent to that occurring as a result 
of prolonged muscle work. In spite of the fact that he had no cases of compen- 
sated valvular heart disease, the occurrence of a secondary decrease in the size 
of the cortex in association with decompensation may be inferred from Liebe- 
TABLE  IV 
Calculated from data of Liebegott. 
Mean heart  Mean weight  Cortex/Medulla  Medulla  Cortex weight 
No.  cases  weight  left adrenal  ratio  weight 
gm.  gm.  I  gm.  gm. 
Normel young men 
5  No data  4.57 (range  8.3  0.49  4.08 
4.35--4.98) 
Compvnsated hypertension 
9  564  6.84 (range  8.2  0.73  6.09 
4.94-9.40) 
Devompvnsated hypertension 
5  544  4.98 (range  5.0  0.83  4.15 
3.4O-5.70) 
DecompensaCed valvular heart disease 
3  821  4.50 (range  7.8  0.51  3.99 
4.10-4.80) 
gott's lipid analyses (Table V). Although the adrenals in the instances of de- 
compensated valvular heart disease are depleted of lipid the weight of the glands 
has not dropped below the normal figure. If we assume that the adrenals in the 
instances of decompensated hypertension were previously as large as those in 
the cases of compensated hypertension it is clear that lipid depletion  cannot 
account for the entire weight loss. This suggests that cortical atrophy occurred. 
The discrepancies in the literature relating to adrenal size in hypertension may 
partly be explained by the failure of previous investigators to distinguish be- 
tween compensated and decompensated cases. Other difficulties relate to the 
liability of the adrenal to respond to many stimuli and the paucity of adequate 
control material. 584  ADKENAL  CYTOLOGY AND  HYPERTENSION 
The  Intracellular Droplets in the Cortex and  Medulla  in Experimental  and 
Clinical Hypertension.--The  periodic acid-Schiff-positive droplets in the paraf- 
fin sections of hypertensive rat adrenals are not "plasmalogens" since  they 
require  preliminary oxidation before  reacting  with  leukofuchsin.  Selye  and 
Stone (27) observed large cortical droplets in the adrenals of rats after treat- 
ment with various combinations of hormones and stated that the common fac- 
tor was the use of anterior pituitary extract. Although they did not demon- 
strate that the droplets were periodic acid-Schiff-positive there is little doubt 
that the droplets are similar to ours. Liebegott (35) described similar droplets 
From data of Liebegott. 
TABLE  V 
No, c~ses  Mean weight  .  Mean  neutral fat 
right adrenal 
Mean cholesterol 
esters  Mean cholesterol 
gm.  mg.  mg.  rag. 
Normal young men 
7  4.55 (range  ]  508  -4-  23  205  -4-  17  21  +  3 
3.63-4.90)  I 
Compensated hypertension 
10  6.72 (range  ]  706  .4-  50  207  -4-  35  28  -4-  3 
5.30-10.30)  I 
Dexompensated kypertenM,  on 
9  ]  4.99 (range  314  -4-  36  159  -4-  20  17  -4-  2 
I  4.10-5.90) 
Decompensated ~al~ular heart disease 
6  I  4.79  (range  I  205  --4- 43  99  :t:  18  11  -4-  2 
I  4.50-5.30)  J 
in both the cortex and medulla of his hypertensives. Our own experience with 
the periodic acid-Schiff reaction on human material is as yet small but allows 
the statement that positively reacting particles in both cortex and medulla 
may become very prominent in hypertension, and in other diseases as well. 
SUMMARY AND  CONCLUSIONS 
There  is a  direct proportionality between the degree of adrenal and that 
of cardiac enlargement in experimental renal hypertension. This is evidence for 
the participation of the adrenal to an extent dependent on the severity of the 
hypertension as reflected in the degree of cardiac hypertrophy. 
The greater part of the weight increase of the adrenal is due to growth of L.  J.  ~,,--~:a  585 
the cortex. However, the relative degree of medullary growth exceeds that of 
cortical growth. There is evidence of medullary hyperplasia, but the cortical 
growth may be due to cell hypertrophy alone. 
In view of the known relationship between prolonged skeletal muscle work 
and the size of the adrenals, in which there is likewise a relatively greater growth 
of the medulla,  the possibility that adrenal growth in experimental renal hy- 
pertension is a consequence of the metabolic demand of increased heart muscle 
work must be considered. 
The hyperplastic, hypertrophic medulla of the renal hypertensive rat is pre- 
sumed to be producing increased amounts of a hormone whose action is not 
known. The adrenal medulla is not necessary for the development of moderate 
renal hypertension though this does not exchde the possibility that it may be 
involved somehow in the maintainance of the hypertensive state. 
Large, periodic-Schiff-positive,  hyaline droplets are found in the cytoplasm 
of adrenal cortical cells with nuclear evidence of active function. There is some 
evidence  that  these  indicate  hypophyseal stimulation.  Similar  particles  are 
found in the medulla,  suggesting an interrelationship  between the two parts 
of the adrenal. 
The  close resemblance of changes in  adrenal  weight,  nuclear/cytoplasmic 
ratio, and nuclear and cytoplasmic structure, indicates that similar physiological 
and  morphological controlling mechanisms  are involved in  the pathogenesis 
and  maintainance  of  experimental  renal  hypertension  and  clinical  essential 
hypertension. 
The author wishes to acknowledge the valuable technical assistance of Mrs. E. Jensen. 
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EXPLANATION OF PLATE 50 
Fro.  i.  Several droplets in cells of fasciculata bordering the glomemlosa. Hema- 
toxylin-periodic acid-Sehiff stain. X400. 
FIG. 2.  Unstained  intracytoplasmic  droplet in fascieulata, with surrounding dear 
zone. Phase contrast photomicrograph  (by Col. A. T. Bricc) oil objective N.A.  1.25. 
Nuclei stained with hematoxylin.  X II00. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 93  PLATE  50 
(Rather:  Adrenal cytology and hypertension) 